As scientific knowledge of marine areas beyond national jurisdiction increases and developments in oceans technology permit greater access to the high seas water column and the deep seabed, new and more intensive uses of these areas occur with consequential impacts on the marine environment. The discovery of hydrothermal vents in 1977 revealed communities of organisms with unique genetic and biochemical properties which can be used for a seemingly limitless catalogue of medical, pharmaceutical and industrial applications. Similar repositories of genetic and biochemical resources have been discovered in other deep sea environments such as cold water seeps and it is expected that sediment communities of the deep seabed will eventually reveal comparable but more sparsely distributed diversity.
INTRODUCTION
As scientific knowledge of marine areas beyond national jurisdiction increases and developments in oceans technology permit greater access to the high seas water column and the deep seabed, new and more intensive uses of these areas occur with consequential impacts on the marine environment. The discovery of hydrothermal vents in 1977 revealed communities of organisms with unique genetic and biochemical properties which can be used for a seemingly limitless catalogue of medical, pharmaceutical and industrial applications. will be considered below; Leary, see note 1 above, p. 154. 8 
Report on the Work of the United Nations Open-ended Informal Consultative Process on Oceans and the Law of the Sea at its Fifth Meeting, UN Doc A/59/122 (2004). 9 Report of the Ad Hoc Open-ended Informal Working Group to study issues relating to the conservation and sustainable use of marine biological diversity beyond areas of national jurisdiction,
UN Doc A/61/65 (20 March 2006). The report notes in its Summary of trends at p.22 that "There is a need to study and determine whether there is a governance gap in marine areas beyond national jurisdiction. If such a gap is identified, there is a need to clarify how it should be addressed, including assessing the need for the development of an implementing agreement under the Convention to address, inter alia, the establishment and regulation of multi-purpose marine protected areas on a scientific basis, as well as other related issues." Following acceptance of its report by the UN General proposals on a regime to govern bioprospecting activities in marine areas beyond national jurisdiction have been adopted by the international community. It is of concern that three decades have now passed since the discovery of hydrothermal vents with their abundant biodiversity and biotechnological potential with no concrete steps being taken by the international community to develop a regime for their sustainable exploitation. LOSC and the CBD to these activities and some options for developing a more comprehensive environmental protection regime to govern their conduct.
BIOPROSPECTING IN MARINE AREAS BEYOND NATIONAL JURISDICTION
The extreme environment of the deep seabed is host to a wide array of biological communities which exhibit high biodiversity and contain genetic and biochemical resources with multiple commercial applications in fields such as medical science, pharmaceuticals, agriculture, food processing, waste treatment, mining and the cosmetics industry. 12 As bioprospecting activities in the deep seabed intensify so will their impact on the fauna associated with particular deep seabed features such as hydrothermal vents and cold seeps.
Since their discovery in 1977, hydrothermal vents have attracted the most extensive scientific research and bioprospecting activity on the deep seabed. 13 More than 500 new species, mostly invertebrates have been discovered in hydrothermal vent communities both within and beyond national jurisdiction. 14 These invertebrate species are dependent on chemosynthetic activity rather than photosynthesis for their existence and are surrounded by micro-organisms which oxidise sulphides and other chemicals from the hydrothermal vents such as hydrogen, iron or manganese converting them into organic matter which nourishes both the micro- organisms themselves and other vent species. 15 The capacity of these species to adapt to extreme physical and chemical conditions has excited the interest of scientists who consider that the extraordinary diversity of species present in hydrothermal vent communities will contribute to a better understanding of basic life processes. 16 Commercial enterprises have also been attracted to the vent communities as they can envisage a variety of uses for the bacteria, known as extremophiles, particularly hyperthermophiles or thermophiles, derived from such environments. 17 The discovery of hydrothermal vent communities has also prompted scientists to re-examine theories of the origin of life on earth 18 and to consider geothermal energy as a potential source for biosynthesis.
19
Areas of the deep seabed where fluids diffuse from the seafloor, known as cold seeps, are also associated with biological communities supported by chemosynthetic processes.
20
Seep fluids, including natural petroleum, natural gas and artesian water flow are rich in methane, sometimes accompanied by the formation of gas hydrates. 21 These fluids interact with bacteria to produce carbon which supports similar invertebrate species to those found in the hydrothermal vent communities. 22 Bacteria from cold seeps contain novel genetic material which has a wide range of commercial applications. 23 29 The list of patents involving genetic resources from the 24 Glowka, see note 2 above, p. 77. 25 Id. 26 Glowka, see note 2 above, p. 78; Arico et al, see note 11 above, para 2.1.4. 27 Arico et al, see note 11 above, para 3.2.1. 28 Id. 29 Leary, see note 1 above, p. 148 notes that there is no substantiated evidence that any company has mounted their own dive to hydrothermal vents for collection purposes but there is anecdotal evidence that at least one company is planning its own series of dives independent from any research institution.
deep seabed is steadily growing and reveals increasing potential for sustained commercial interest and investment in this use of the deep seabed which has already eclipsed current commercial interest in mining for deep seabed minerals.
30
Bioprospecting, while not as invasive as deep seabed mineral exploration, does entail physical disturbance, alteration and introduction of alien elements to deep sea habitats.
31
Current deep sea research projects, principally on hydrothermal vent sites, have progressed beyond simple observation of the benthic fauna from manned or remotely controlled submersible vessels to actual sampling of the fauna and faunal infrastructure and installation of scientific instruments in the deep seabed environment to record experimental observations on a regular basis. 32 As well as disturbing the physical habitat, research vessels and scientific equipment also introduce light and different noise patterns into the fragile deep sea environment and may discharge marine pollutants and alien biological material into the previously pristine environment of the deep seabed. 33 The negative impact of frequent research expeditions on particular deep seabed sites and the potential for conflicting or incompatible research activities which duplicate adverse effects on fragile deep sea sites has also been noted by scientists and other commentators. 34 The absence of compulsory environmental protection measures such as environmental baseline data collection, ongoing environmental impact assessment of sampling sites and impact reference zones could result in 30 Arico et al, see note 11 above, para 3.2.2; Glowka, see note 2 above, p.80; Scheiber, see note 5 above, p.198. 31 Arico et al, see note 11 above, para 3.3. 32 Juniper, see note 13 above, p.93 notes that research focus in hydrothermal vent science is shifting to time series observations which are resulting in the concentration of sampling, observation and instrumentation at a small number of fixed observatories on the deep seafloor. 33 Arico et al, see note 11 above, para 3.3.
substantial loss of deep seabed biodiversity over time. 35 Scientists involved in deep sea research have developed some voluntary protocols to reduce the negative impacts of their research on the deep seabed environment including requests to the global scientific community to consider certain deep seabed sites as scientific reserves and voluntary codes of conduct which seek to minimise adverse effects on the environment and to coordinate deep seabed research to reduce the occurrence of simultaneous expeditions to deep seabed sites and conflicting use of these sites. 36 As bioprospecting activities are currently intermingled with marine scientific research, these initiatives have the dual purpose of reducing the adverse effects of both bioprospecting and marine scientific research activities on the deep sea environment.
The Applicability of Existing International Law Principles to Bioprospecting Activities

Beyond National Jurisdiction
Much of the discussion in international bodies and among academic commentators on the genetic resources of the deep seabed and bioprospecting activities has centred on ownership and access to these resources under the law of the sea and whether research and exploitation activities related to such resources can be regulated under the existing international law framework. There has also been widespread recognition on the part of international bodies, research and information on proposed major research programmes and their objectives.
49
There is a specific obligation under Article 244 of the LOSC for States to actively promote the flow of scientific data and information and the transfer of knowledge resulting from marine scientific research especially to developing States and to provide training programmes to developing States to strengthen their autonomous marine scientific research capabilities.
Where marine scientific research is conducted in the Area, whether it be in connection with living or non living resources, many of the same conditions enumerated in Part XIII apply and
States must also cooperate with ISA in disseminating the results of their research and developing training programmes for developing countries. 50 Many of these conditions are incompatible with the concept of bioprospecting which is an exploration activity specifically directed towards commercial objectives where confidentiality of sampling results is paramount. 51 In view of the commercial objectives of bioprospecting, it is arguable that the Part XIII provisions will only apply to those aspects of deep sea research activities which meet the criteria of pure scientific research. In practice, however, this distinction is difficult to draw as the search for, sampling and testing of genetic and biochemical resources from the deep seabed will frequently be conducted for both pure scientific and commercial purposes. resources of the deep seabed will be discussed below.
Convention on Biological Diversity (CBD) Provisions
The three broad objectives of the CBD, set out in Article 1 of the Convention, are the conservation of biological diversity, the sustainable use of its components and the fair and equitable sharing of the benefits arising out of the utilisation of genetic resources. While directly applicable to the subject matter of access to genetic resources and the protection of biodiversity, the CBD is only a framework convention containing guiding principles which are designed to be implemented by Contracting Parties. 52 The jurisdictional scope provision biological diversity of areas beyond national jurisdiction by encouraging the conclusion of regional and multilateral arrangements. 67 This provision is relevant to any regional or global agreements which may be negotiated to protect the biodiversity of maritime areas beyond national jurisdiction and to minimise the adverse effects of activities such as bioprospecting on the biodiversity of such areas.
While the CBD does not currently provide any regulatory framework to minimise the adverse effects of bioprospecting activities in marine areas beyond national jurisdiction, it contains a number of elements which would be relevant to negotiating an implementing agreement under Article 5 of the CBD or under amended LOSC provisions incorporating
Article 5 of the CBD to provide holistic protection to the biodiversity which abounds in deep seabed environments beyond national jurisdiction. The viability of these options for regulating the adverse effects of bioprospecting activities on the marine environment of areas beyond national jurisdiction will be considered in more detail in the next section.
Potential Environmental Protection Regimes for Bioprospecting in Marine Areas
Beyond National Jurisdiction
There are a range of options for regulating the impact of bioprospecting activities on the marine environment of areas beyond national jurisdiction which have been raised in general terms by academic commentators. 68 This section will examine the most widely canvassed of those options and analyse their legal bases, their potential advantages and disadvantages in terms of effective protection for the marine environment beyond national jurisdiction and some of the political issues affecting their negotiation and implementation. Some of the 67 CBD, Art. 14(1)(c). 68 Leary, see note 1 above, p.155; Allen, see note 1 above, p. 563; Arico et, see note 11 above, paras. 
Implementing Agreements under other LOSC Provisions
The LOSC provides several further anchoring points for an implementing agreement which would regulate the environmental protection aspects of bioprospecting activities. One option foreshadowed above would be to include the genetic and biochemical resources of the deep seabed under the rubric of marine living resources in common with fisheries and marine mammals. If these resources of the deep seabed were classified in this way they would continue to be subject to an open access regime under the high seas provisions of the LOSC subject to any qualifications contained in an implementing agreement which could be modelled on the United Nations Fish Stocks Agreement (UNFSA) and underpinned by similar regional resource management arrangements to the regional fisheries management 74 Leary, see note 1 above, pp.152-153; Arico et al, see note 11 above, para 5.1.5.
75 LOSC, Art.143. 76 Leary, see note 1 above, p.152; Glowka, see note 11 above, p,304; Arico et al, see note 11 above, para 5.1.,3. Article 118 may be too expansive an interpretation of this provision and may not attract the support of many States. 79 An agreement modelled on the UNFSA to conserve and manage genetic and biochemical resources would be a framework agreement only and would still require a network of subsidiary regional agreements similar to regional fisheries management organization agreements for its operation. 78 Arico et al, see note 11 above, para 5.1.2 discusses the concept of creating marine protected areas under Article 119 rather than the option discussed above. 79 Glowka, see note 11 above, p.304 notes that "it is however unsatisfying to read into these provisions more than what they were originally intended to apply to: species targeted by fisheries activities, especially since MSR activities at hydrothermal vents do not resemble fishing activities."
Since its adoption in 1995, the UNFSA has not attracted the widespread support threaten biological diversity. This provides a basis for action in the Area." Glowka also points out that the CBD is more than its obligations and has an elaborate work programme which gives it "the ability to further define and deepen the Convention's obligations directly or as they are applied in particular contexts. In contrast to UNCLOS's more static nature, this dynamic process makes the CBD adaptable and facilitates its evolution." global and regional organizations with regulatory competence beyond national jurisdiction would contribute to strengthening and integrating protection and preservation of the marine environment beyond national jurisdiction. Negotiation of such an implementing agreement would necessarily raise the issue of ownership and access to genetic and biochemical resources on the deep seabed in marine areas beyond national jurisdiction. As discussed above, political agreement to classifying these resources as the common heritage of mankind may be an elusive goal in view of the substantial commercial interests already involved in the sampling of these resources. In the absence of political consensus among the members of the international community on a regime for ownership of and access to such resources, it may still be politically and legally viable, in the interim, to introduce environmental protection measures to regulate the adverse environmental impacts of the current open access situation applying to these resources through collaborative action by global and regional organizations with some regulatory competence in particular marine regions beyond national jurisdiction.
Status Quo and Self Regulation
A fourth option to consider is leaving the open access situation which currently applies to the genetic and biochemical resources of the deep seabed and to bioprospecting activities in these areas undisturbed. This option would parallel the free market conditions which applied to all high seas fisheries before the advent of the UN Fish Stocks Agreement and regional fisheries management organization involvement in the management and conservation of straddling stocks and highly migratory stocks in marine areas beyond national jurisdiction. As one commentator has observed, this may lead to some long term advantages for human kind in general as the competition engendered competitive exploitation of genetic and biochemical resources found on the deep seabed will stimulate new inventions and research techniques. metres. 94 Other reported impacts include the removal of benthic fauna and the introduction of alien elements such as light and noise into the deep sea environment. 95 Some deep sea experiments have resulted in changes of water temperature and the disposal of biological material in areas different from the sampling area. 96 Scientists are also concerned about the rising frequency of visits to hydrothermal vents and the pressure caused by concentrated observation and sampling on a few well known vent communities which have been subjected to multiple research expeditions. 97 The absence of restrictions on access to the deep seabed has led to different research institutions proposing duplicate and incompatible scientific experiments for the same deep seabed area. 98 While the deep sea scientists themselves have begun to impose some constraints on their research expeditions through a research reserve system which operates by consensus between scientists, amplified research of deep seabed sites in the future may require a more systematic approach where access to certain sites is controlled to reduce adverse impacts on the marine environment.
The Applicability of Existing International Law Principles to Marine Scientific Research Beyond National Jurisdiction
The LOSC is the principal international law instrument governing marine scientific research Area must be carried out for the benefit of mankind as a whole. 103 States Parties conducting marine scientific research in the Area are encouraged to collaborate with the ISA in international marine scientific research programmes, to ensure that such programmes involve training and participation by personnel from developing States and that the results of their research are disseminated when available through the Authority. 104 Some commentators have noted that the ISA clearly has a mandate to implement measures to regulate marine scientific research associated with deep seabed minerals. 105 The scope of the ISA's authority, however, does not extend to prohibiting or controlling marine scientific research related to non living resources in the Area. 106 To date, the ISA has concentrated on the impact of deep seabed 115 In the absence of any international instrument regulating the impact of marine scientific research on the marine environment beyond national jurisdiction the InterRidge initiatives are important interim measures in the conservation and sustainable use of biodiversity in these areas.
Potential Environmental Protection Regimes for Marine Scientific Research Beyond
National Jurisdiction
The options for regulating the adverse impacts of marine scientific research on the marine environment beyond national jurisdiction resemble those for regulating the related activity of bioprospecting. As discussed above, the two activities will frequently be intertwined. The key differences between the two activities lie in the commercial exploitation objectives associated with bioprospecting and the access and benefit sharing issues related to the resources rather than the environmental protection aspects. The international law instruments which provide a basis for negotiating a regulatory framework which would capture marine scientific research activities beyond national jurisdiction are the LOSC and the CBD. This section will examine some potential options for such regulation of the adverse impacts of marine scientific research on the marine environment beyond national jurisdiction and analyse their benefits and disadvantages.
Expansion of the ISA's Mandate
Expansion of the ISA's Mandate to incorporate genetic and biochemical resources of the deep seabed would have potential regulatory consequences for the conduct of marine scientific 114 Glowka, see note 11 above, p.309. 115 Id.
research on living resources of the deep seabed in the Area. If an implementing agreement were negotiated to accomplish that expansion, the ISA would be likely to acquire more regulatory authority over the combined bioprospecting and marine scientific research activities currently associated with these resources in the Area. As with the mineral resources of the deep seabed, the ISA would then have unambiguous power to prescribe environmental protection measures to be followed by research consortia engaged in sampling and testing activities related to the genetic and biochemical resources of the Area. 116 Pure marine scientific research with no commercial objectives may continue to be permitted under the parallel regime prescribed in Article 143 of the LOSC but may be subject to more constraints associated with environmental protection and accommodation of uses. Under an expanded mandate, the ISA would have the authority to coordinate environmental protection measures for all the activities taking place in the Area and the authority to resolve any problems associated with conflicting uses and incompatible scientific experiments. The ISA is already engaged in collaborative research projects with the marine scientific research community on the impact of mineral exploitation activities on deep seabed ecosystems and is developing considerable expertise in environmental protection issues associated with the Area. 117 The political obstacles to expanding the ISA's mandate to cover the genetic and biochemical resources of the Area have been discussed above and relate principally to the designation of such resources as the common heritage of mankind with the consequent equitable sharing implications and some reluctance on the part of the ISA itself to assume additional responsibilities beyond its current mandate.
Implementing Agreement under the LOSC or CBD
An implementing agreement under the LOSC provisions discussed above or Article 5 of the CBD with the broad objective of conserving marine biodiversity beyond national jurisdiction 116 Glowka, see note 11 above, p.309, n.15. In these circumstances, consultation between regional conservation organizations and the marine scientific research community should achieve resolution of any disputes.
Status Quo and Self Regulation
Preserving the status quo, in which the conduct of marine scientific research beyond national jurisdiction is largely unregulated, will inevitably lead to conflicts with other uses as resource exploitation in these areas increases and a consequent loss of marine biodiversity. impacts of activities such as bioprospecting and increased marine scientific research activity in marine areas beyond national jurisdiction is to be legally and politically acceptable.
